Background: The prevalence of obesity has nearly doubled in Ireland since 1990 and over half of the population has a large waist circumference (WC). No food-based, dietary guidelines exist in Ireland for a reduction in the prevalence of body fat or obesity. Objective: To examine the association between daily food intake and categories of body mass index and WC for the development of dietary guidelines to combat obesity. Design: Cross-sectional study of a random representative sample of 1379 adults aged 18-64 years from Northern Ireland and the Republic of Ireland. Measurements: Weight, height and WC were measured according to standard procedures. Diet was assessed using a 7-day food diary from which 28 food groups were generated and entered into logistic regression analysis. Results: Higher mean daily consumption of most of the 28 food groups was associated with an increased likelihood of being classified as obese or at waist action level 2, compared to normal weight and normal WC. The strongest associations were found for savoury snacks, butter and full fat spreads. Contrary to popular opinion, not one individual food group but rather a combination of many foods was associated with excess adiposity. Conclusions: Body mass index and WC in adults are strongly influenced by the amount of food consumed. Public health policies for a reduction in body fat and obesity may be more effective if the emphasis is placed on a reduction of food and beverages consumed as opposed to the traditional dietary recommendations for macronutrients.
Introduction
It has been well established that morbidity and premature mortality rates are strongly associated with obesity-related conditions such as cardiovascular diseases, 1 cancer 2 and type 2 diabetes. 3 The dramatic increase in the prevalence of obesity in Ireland over the last decade and the finding that approximately one-half of Irish adults have a waist circumference (WC) indicative of an increased risk of cardiovascular disease 4 pose a significant health risk for the population.
Although excess adiposity is often considered to be a complex and multifactorial disorder, the fundamental cause is chronic energy imbalance. In an attempt to determine why Irish adults are in a state of chronic energy imbalance, we previously investigated the extent to which demographic, lifestyle and attitudinal factors that could influence each side of the energy balance equation were associated with obesity and high WC. 5 The results of that work demonstrated that the only variable that was strongly and consistently associated with obesity and high WC, in all men and women, was energy intake (EI). This finding suggests that measures for the prevention of excess adiposity should probably emphasise a reduction in EI. However, the fact that many people are likely to be unaware of the energy content of different foods suggests that a health promotion strategy based around such a simplistic message is unlikely to be effective. In general, dietary guidelines are not developed with obesity management as a specific outcome. In an attempt to counteract the high prevalence of obesity, it has been suggested that traditional energy and nutrient-based guidelines should be replaced with food-based dietary guidelines (FBDG). These FBDGs are developed on the basis of prevailing food intake and health and lifestyle patterns in the population and can be designed to specifically counteract obesity. Such FBDGs should allow a focus on overall eating habits, rather than on individual nutrients, 6 and should be practical, comprehensive and culturally acceptable. 7 Although it is possible that adopting a FBDG approach may be more effective in achieving a reduction in obesity and centrally distributed body fat in Ireland, such guidelines must be evidence based. In other words, before recommendations for changes in food intake can be established, it is necessary to ascertain the extent to which current food intakes influence the risk of excess adiposity.
Relatively few studies have examined the influence of food intake on overweight and obesity, 8, 9 and there appears to be no data published examining the influence of food intake on WC. However, current thinking in the US strongly suggests that expanding food portion sizes may play a major role in the obesity epidemic. 10 Thus, the aim of this study was to determine the extent to which amounts of foods, reported by adults participating in the North-South Ireland Food Consumption Survey (NSIFCS), were associated with obesity or with having an unfavourable WC.
Methods

Subject and survey details
The North-South Ireland Food Consumption Survey (NSIFCS) was conducted concurrently in Northern Ireland and the Republic of Ireland between 1997 and 1999 on a representative sample of 1379 adults aged 18-64 years.
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Food intake data were collected using a 7-day estimated food diary, and coded according to McCance and Widdowson's 'The Composition of Foods' 12 and published supplements. [13] [14] [15] [16] [17] [18] [19] [20] [21] A combination of methods was used to quantify the recorded foods and drinks, and have been described in detail by Harrington et al. 22 In brief, a food photographic atlas was specifically designed for the survey, which was used to compare portions of foods eaten by the respondent to photographs of known weights of these foods. Replicates of some foods were weighed directly by the fieldworker during visits to the respondent's home. Manufacturer's data were used to quantify manufactured products. Household measures were also used by both fieldworkers and respondents to describe the quantity of a food or drink that was consumed. Standard portion sizes were only used when necessary. 23 Respondents were encouraged not to alter their food or drink choices during the course of the food diary recording week. Nutrient intakes were analysed using WISP r (Weighed Intake Software Program; Tinuviel Software, Warrington, UK) Questionnaires on health and lifestyle, self-administered by each respondent, were used to obtain information on variables such as age, sex, education level (primary, intermediate, secondary, tertiary level), illness and dieting practices. 22 Details of the anthropometric measurements have been described previously. 4 In brief, body weight was measured in duplicate to the nearest 0. ). WC was categorised into three waist action levels (WAL) as defined by Lean et al. 25 : below action level (BAL; men o94 cm, women o80 cm); action level 1 (WAL1; men 94-101.99 cm, women 80-87.99 cm) and action level 2 (WAL2; men X102 cm, women X88 cm). WAL 1 and WAL 2 give an indication of subjects who are at an increased risk, or a high risk of having at least one major cardiac risk factor. 26 Exclusion of subjects Underweight subjects (BMIo18.5 kg m
À2
) were excluded from the analyses because they accounted for less than 2% of the overall population, 4 as well as being a group that may be malnourished and at risk of other clinical conditions. In addition, dieters, those who were unwell and those who reported eating less than usual during the recording week were excluded. The final sample contained 1150 subjects with a relatively equal distribution of men (51.1%) and women (48.9%).
Data manipulation
The food intake database from the NSIFCS comprises of approximately 250 000 rows of data that describe each of the 3060 different food and drink items consumed by each of the respondents, at every eating occasion, for each of the seven recording days. For the purposes of the present study, these 3060 foods were assigned to 1 of 28 food groups as detailed in Table 1 . Table 1 also presents the mean, the standard error of the mean (s.e.m.), the median, 25th and 75th percentiles of intakes (g/day) of each food group for consumers only. In addition to these 28 food groups, an additional dichotomous Food intake and excess adiposity in Irish adults SN McCarthy et al group named 'low/high calorie beverages' was created. This group categorised nonalcoholic beverages according to their energy content, such that 'low calorie' beverages contributed o0.2 MJ/100 g (e.g. tea, coffee, water and diet carbonated soft drinks), whereas 'high calorie' beverages were those that contributed X0.2 MJ/100 g (e.g. full sugar carbonated drinks, squashes and cordials). A mean daily intake file was then generated, which contained the mean daily weight of each food group consumed by each subject.
Statistical analysis
All statistical analyses were conducted using SPSS s Base Version 10 for Windows (SPSS Inc., Chicago, IL, USA). Mean age was calculated across WAL, BMI and education categories, and significant differences were determined using one-way ANOVA. Scheffe post hoc tests were employed to determine where the differences lay. Significance was defined as Po0.05.
Six dependent binary variables to be used in binary logistic regression analyses were generated for BMI and WAL categories as follows: normal vs obese; normal vs overweight; overweight vs obese; below action level vs action level 2; below action level vs action level 1; action level 1 vs action level 2. Binary logistic regression is used to find the best fitting, yet biologically plausible model that describes the extent of the relationship between a dichotomous (dependent) outcome variable and a set of predictor (explanatory) variables.
The 28 food groups described in Table 1 , the 'low/high calorie beverages' category, subject's age, sex and education level were designated as predictor (explanatory) variables. Age, sex and education level were included to control for their significant association with BMI and WC in this population as previously identified by McCarthy et al. 5 Basal Food intake and excess adiposity in Irish adults SN McCarthy et al metabolic rate (BMR) was estimated using Schofield's equations 27 and the ratio of EI to estimated BMR was calculated (EI:BMR). Each model also controlled for the potential confounding effect of energy misreporting by including EI:BMR as a continuous variable. In addition, owing to the fact that men ate more food than women, an interaction term based on sex and total amount of food consumed (sex Â total food weight) was also entered into each model as an explanatory variable.
Initial models
The model development for each binary variable was then approached in the following manner. Firstly, the predictive influence of each individual food group on each binary variable was examined. For each of the six dependent variables listed above, an initial model containing the explanatory variables age, sex, education level, sex Â total food weight, EI:BMR, and mean daily weight of each food group consumed (g/day) was fitted.
Multivariate models
Following this step, the food groups that showed significance at Pp0.2 were entered into multiple logistic regression models. The traditional cutoff of Po0.05 was not used to denote statistical significance at this stage, as this conservative approach may fail to identify variables that are important in the final models. 28 The resultant multivariate models were then manipulated in order to produce final models that provided the best fit for the data, as evidenced by the lowest possible À2 log likelihood values. 28 The outputs of multiple regression analyses generate odds ratios (OR 1 ) and confidence intervals (CI) associated with a one unit increase in the measure of the food group (i.e.
g/day)
. In order to better illustrate the odds for excess adiposity associated with increases in food group intake that could be achieved easily in normal day-to-day eating situations, new odds ratios (OR 2 ) were calculated on the basis of a typical example from each food group.
Results Table 2 presents the percentages of men, women and total population in the BMI, WAL, and education level categories. There were no significant differences in the percentages of men and women in the WAL categories. However, significantly more women than men had a normal BMI, and a greater percentage of men were overweight and obese compared to women. Overall, nearly 40% of the population were educated to the tertiary level, and the proportions of men and women who had completed primary, intermediate, secondary and tertiary level education were not significantly different.
Initial logistic regression models Table 3 illustrates the influence of the mean daily intake (g/day) of each individual food group consumed by the total population on BMI category and WAL. All analyses were controlled for the influence of EI:BMR, age, sex, sex Â total food weight and education level. As the weight of the majority of food groups increased, the tendency for a high BMI or WAL increased. However, as the mean daily intake (g/day) of certain food groups increased, the risk of a high BMI/ WAL category decreased. For example, as the intake (g/day) of rice and pasta and fruit, juice and nuts increased, the likelihood of having a high BMI or WAL decreased. Tables 4 and 5 . In addition, examples of the OR associated with increases in food group intake that could be achieved easily in normal day-to-day eating situations are also presented (OR 2 ), which are based on Ministry of Agriculture, Fisheries and Food (MAFF) portion sizes. 23 Higher intake (g/day) of 21 of the 28 food groups was significantly associated with an increased likelihood of being obese rather than of normal weight (Table 4) . For each 1 g/day increase in consumption, the food groups with the highest OR for being obese rather than of normal weight were 'savoury snacks' (OR 1.07), 'butter and spreads' (OR 1.06), 'biscuits, cakes and pastries' (1.05) and 'cheeses' (OR 1.04). When the OR were recalculated to reflect what could happen in every-day eating situations, it was apparent that even relatively small, easily achievable increases in food group consumption were associated with large increases in the odds for obesity. For example, the odds of being obese rather than of normal weight associated with the consumption of a 'large' portion of fries rather than a 'medium' portion was 5.7. Similarly, the OR for obesity, recalculated on the basis of consuming a 200 g pot of yoghurt rather than a 125 g pot, were 2.2. In addition, consumption of 'high calorie' beverages compared to 'low calorie' beverages was associated with a 3.9 times increased likelihood of being obese rather than of normal weight.
Few associations were apparent when investigating the OR associated with higher food group intake in the normal vs overweight and overweight vs obese categories. Furthermore, the OR for those food groups that were associated with significantly greater odds for overweight rather than of normal weight, or of being obese rather than overweight, were weaker than those observed for the normal vs obese category.
A similar pattern emerged when examining the associations between amounts of food consumed and WAL category. Higher intake (g/day) of 12 of the 28 food groups Foods not statistically significant in the initial models for normal vs obese were entered in the multivariable model: savouries, low fat milks, cheeses, yoghurts, egg and egg dishes, vegetables, whereas fruit, juices and nuts were removed to achieve the best possible fit for the data. In the overweight vs obese model, egg and egg dishes was removed from the final multivariable model to achieve the best possible fit for the data. Reference category for sex ¼ men; for education level ¼ primary; for low/high calorie beverages ¼ low. was associated with increased odds of being at WAL2 rather than BAL (Table 5 ). For each 1 g/day increase in consumption, the food groups with the highest OR were 'savoury snacks' (OR 1.03), and 'butter and spreads' (OR 1.03). Consumption of 'high calorie' beverages compared to 'low calorie' beverages was associated with a 1.6 times increased the likelihood of WAL2 rather than BAL.
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Only five food groups ('breads and rolls', 'fresh meat', 'creams, ice creams and desserts', 'biscuits, cakes and pastries', 'savoury snacks') were associated with a significantly increased likelihood of WAL1 compared to BAL. Similarly, greater amounts of only five food groups ('bread and rolls', 'egg and egg dishes', 'chips and processed potatoes', 'meat products', 'sugars and confectionery') were associated with significantly increased odds of being in the WAL2 rather than the WAL1 category.
Discussion
The findings of the current study strongly suggest that consumption of greater amounts of food per se is significantly associated with a greater likelihood of being obese rather than of normal weight, or at WAL2 rather than BAL. To the best of our knowledge, this is one of the first studies that attempted to quantify the risks of excess body fatness that are associated with the actual weights of foods consumed by a free-living adult population.
Previous studies have used different statistical approaches to identify qualitative patterns of food intake that predict differences in weight status. The more commonly used techniques are cluster analysis and multiple discriminant analysis. Cluster analysis is based on the assumption that the groups to be compared are not well defined, which was not the case in the current study. 29 In this study, the groups were predefined based on BMI categories 24 and WAL. 25 Multiple discriminant analysis is generally used to reduce food intake data to a number of patterns that can then be used to 'explain' a selected outcome variable. 6 However, it has been suggested that the binary logistic regression approach applied in the current study is preferable to multiple discriminant analysis, as it requires fewer assumptions, is more statistically robust and more flexible. 30 Binary logistic regression also allows the extent of the probability of an outcome occurring, relative to it not occurring, to be estimated by modelling the 'odds'. In practice, this allows the 'risks' of being overweight or obese relative to being of normal weight, or WAL1/WAL2 relative to BAL, to be quantified. In addition to using a different statistical technique, the current study also differs from others that have attempted to identify qualitative food patterns that increase the risk of excess body fatness, in that the influence of energy misreporting was controlled for. It has been established previously that energy misreporting is strongly associated with body weight status in this population. 31 Therefore, in attempting to determine whether food group intake influences body weight and WC, it seemed prudent to attempt to account for the potential impact of energy misreporting. The novel use of EI:BMR as a continuous variable in the initial and multivariate models not only provided a better model fit as evidenced by smaller À2 log likelihood values (a smaller value indicates a better model fit for the data), but it also precluded the exclusion of disproportionate numbers of obese subjects from the analyses. In addition, removal of EI:BMR from the models resulted in OR that seemed biologically inappropriate. For example, failure to control for misreporting using EI:BMR resulted in higher intakes of energy dense food groups, such as chips and processed potato products, being associated with a decreased likelihood for obesity. In the initial univariate analyses, fewer food groups had a significant impact on waist action level or BMI category than in the final multivariate models, even though a liberal cutoff for significance of Pp0.200 had been applied. In order to minimise the -2 log likelihood values obtained in the multivariate analyses (i.e. improved model fit), several food groups that were nonsignificant in the univariate analysis had to be re-entered into the multivariate models. This strongly suggests that food groups do not influence WALs or BMI categories in isolation, but rather that they interact with the diet as a whole.
Although the results of this study suggest that consumption of larger amounts of many different food groups is associated with significantly greater odds of being obese or having a high WC, than of being normal, the cross-sectional nature of the data means that the results should be interpreted carefully. Obesity and high WC develop over time, but each subject's food intake was assessed only over a 7-day period. However, we were careful to exclude subjects who were ill, who reported eating less than usual, or who were dieting during the recording week. In addition, the higher energy requirements in subjects with higher body weights and subsequent greater food intake were also accounted for in the statistical models by including a variable for the total amount of food. This did not have any significant impact on the interpretation of the results.
Although the association between diet and body weight has been extensively researched, especially with respect to macronutrients, there are few published data examining the role of food intake per se in the aetiology of obesity. Several studies have attempted to relate patterns of food intake to obesity, but in a review, Togo et al., 32 reported that the findings of these studies were inconsistent and inconclusive. However, it should be noted that in contrast to the methods used in the current study, the majority of studies included in the review used some form of diet index, factor analysis or cluster analysis to categorise the diets of subjects, and did not attempt to analyse the associations between amounts of foods eaten and risk of obesity. For example, dietary patterns associated with BMI in women were examined by Maskarinec et al., 6 and reported that a 'meat pattern' dietary variety and its association with body fatness and found that a diet high in sweets, snacks and carbohydrates coupled with a low variety of vegetables promoted long term high EI and increased body fat. Another study that examined food group intake as a predictor of weight change over 2 years found that consumption of cereals and pasta was associated with weight loss in women, whereas intake of sweets was a predictor of weight gain in men. 8 Examination of EI adaptation in obese and nonobese women also demonstrated that the obese group chose larger portions of energy dense foods than the nonobese group. 34 Until very recently, few studies have explicitly examined the effects of increasing the amount of foods consumed on the risk of obesity. However, Pearcey and de Castro 9 examined meal patterns and food intake of weight stable and weight gaining persons, and reported that the greater EI in the weight gaining group was attributed to significantly larger meal consumption. They also suggested that the dysregulation of food intake might be an integral component of weight gain. Similarly, Rolls et al., 35 reported that the portion size of food served at a lunch could significantly influence EI, and that serving smaller portions of food could not only help consumers to avoid excess EI, but could ultimately reduce the risk of future overweight or obesity. The current thinking emerging in the literature complements the results of the present study where the risk of obesity and WAL2, relative to being of normal weight and being below action level for WC, were associated with a greater consumption of many different food groups. This finding strongly suggests that portion control could help to stem the rising tide of overweight and obesity in Ireland. However, this is unlikely to be an easy task. Evidence is emerging to suggest that portion weights of foods currently served in commercial outlets are 2-5 times greater than their original size. 36 This, coupled with the fact that many adults are unable to judge portion weights accurately, 35 suggests that innovative and imaginative strategies will have to be developed to educate the population to select smaller portion sizes.
The present study has clearly demonstrated the strong association between higher adiposity and a higher consumption of many foods, in particular, creams, ice-creams and desserts biscuits, cakes and pastries, meat products and dishes and chips and processed potatoes in Irish adults. While public health strategies can be focussed on smaller portions of these foods, this would also need to be coupled with policies for the industry to do more regarding provision of choices of smaller portion sizes for the consumer. This study has provided the information for one of the many focus areas for evidence based nutrition policies to tackle obesity in Ireland.
